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Capital Allocation in the Insurance Sector*
Dóra Balog
Capital allocation plays a key role in the enterprise risk management system of 
insurance undertakings: when applied during performance measurement, it creates 
a link between risk and business. In addition to performance measurement, capital 
allocation may also have a role in pricing decisions and in the preparation of 
strategic business decisions. With the entering into force of the Solvency II regulation 
the consistent application of capital allocation has become a regulatory expectation 
in the insurance sector which lands relevance to our topic. The available literature 
is extremely rich; however, the applicable methods have been designed based on 
theoretic axioms rather than the needs of the practitioners, so the gap between 
theoretic research and real-life application is significant. Our objective is to translate 
the rather abstract formulation of the problem of capital allocation, customary in 
the literature, to the practical questions arising during implementation by insurance 
companies; thereby, providing some guidance for choosing the theoretically 
applicable methods. In this study, we will review the issues arising in connection 
with the implementation of capital allocation: what needs to be allocated for what 
specific purposes and how such allocation should take place. 
Journal of Economic Literature (JEL) codes: G22, G32, C71
Keywords: capital allocation, insurance, Solvency II Directive
1.  Introduction
As insurance events are stochastic by their nature, even if the most advanced 
statistical methods are applied, the collected premiums and reserves may not 
cover the claims against the insurer. In such a scenario, the solvency capital 
guarantees that the insurer can continue meeting its obligations. In other words: the 
solvency capital is intended to cover the losses incurred in case of the unexpected 
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unfavourable development of events. Although the solvency capital provides 
protection for the losses suffered by any business line, it is important to know for 
a number of reasons to what extent the various business lines contribute to the 
insurer’s capital requirements. Keeping capital is costly, and the allocation of such 
cost is a rather relevant factor for evaluating the performance of business lines and 
various product portfolios, for product pricing and for certain strategic decisions 
(e.g. acquisitions, mergers, starting a new or terminating an existing business line). 
Insurance companies typically allocate their capital to business lines, subsidiaries, 
products or product groups, but allocation to various geographic regions or possibly 
even to distribution channels. This problem is not new but the entry into force of the 
Solvency II1 Directive as of 1 January 2016 makes it especially relevant for insurance 
undertakings. The first pillar of the directive introduces new rules for capital and 
capital requirement calculations (causing a change in the volume of capital to be 
allocated). As part of the own risk and solvency assessment process (hereinafter 
ORSA) prescribed under the second pillar, the capital allocation process itself 
becomes subject to regulatory supervision (through the requirements pertaining to 
the integrated enterprise risk management system). Quoting the study of Maume – 
Deschamps et al. (2016): “The ORSA (Own Risk and Solvency Assessment) approach 
of the second pillar makes capital allocation an important exercise for all insurers 
[…]”. Developing integrated enterprise risk management (ERM) systems2 for insurers 
is a task of key relevance not only because of the Solvency II requirements. As 
McKinsey points out (Bongiovanni et al. 2016), insurers having a more advanced 
enterprise risk management system performed significantly better compared to 
their peers during the crisis (2008 and 2009). Having recognized that the insurers 
themselves started to deploy significant resources for developing their ERM systems. 
Capital allocation is an important component of these ERM systems, since through 
performance measurement the insurer compares the return (characterising the 
profitability of the business) realised by its different business lines (subsidiaries, 
portfolios) to the capital requirement allocated for the given unit (being a relevant 
risk indicator).
Literature on capital allocation is extremely wide-ranging; however, it mainly 
focuses on methodology issues of mostly theoretic nature: authors typically apply 
game theory (e.g. Denault 2001; Csóka et al. 2009, Csóka and Pintér 2016), option 
pricing (e.g. Myers – Read 2001; Sherris 2006; Kim – Hardy 2007) or other statistical 
approaches (e.g. Kalkberener 2005; Homburg – Scherpereel 2008; Buch – Dorfleitner 
2008). By contrast, little reference is made to issues of practical application, as 
Kim and Hardy (2007:23) writes, “capital allocation methodology has mainly been 
developed based on a list of axioms rather than on motivation and a little has 
been researched on how the given capital allocation can be used in light of its 
1  Directive 2009/138/EC of the European Parliament and of the Council.
2  See for instance McKinsey&Company (2014).
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motivations.” The objective of our study is to reduce this gap: we want to give an 
overview of the topic from a pragmatic viewpoint, focusing on the insurance sector.
This study is composed of the following parts. In the second chapter, we provide 
a formal description of capital allocation, and in the following sections we will use 
the notations introduced here for discussing the various issues at hand. In the 
third chapter, we present the possible applications, that is, why capital allocation 
is important and what insurance companies use it for. In the fourth chapter, we 
define the possible capital concepts and we examine what exactly we distribute 
during capital allocation. In the fifth chapter, we discuss how the allocation should 
be performed: we list the various applicable methods and the properties we can 
expect from them. It is always up to the entity using the method to set the priorities 
in any given capital allocation situation among the many possible expectations, but 
the summary “map” we prepared as the aggregation of the criteria referred to in 
the literature (often under different names) may be helpful. Moreover, we define 
which methods/method types are the most suitable for the various applications. 
Chapter six concludes.
2.  Description of capital allocation, notations
Interpreted for insurers, the problem of capital allocation can be formulated 
as follows: an insurer is made up of a limited number of subunits (let’s call 
them business lines, but they could also be portfolios or subsidiaries etc.). Let 
N = 1,2,...,n{ }  denote the set of the lines of businesses. The returns of the various 
business lines are described by random variables on the Ω,Μ,Ρ( )   probability field, 
where Ω  is the finite set of possible outcomes, Μ  denotes the possible subsets 
of Ω , while P is a probability distribution on Ω,Μ( ) . Let the set of probability 
variables interpreted on Ω,Μ,Ρ( ) be X . Let  Xi ∈X  designate the net income (loss) 
realised by business line i, so  Xi
i=1
n∑ = XN  is the insurer’s net income. We measure 
risk by the  ρ : X→!  risk measure. The risk measure assigns a real number to 
the portfolio of a business line (or to a portfolio of a set of several business lines), 
representing the guarantee for absorbing unexpected losses (we usually call this 
capital). The application of coherent measures of risk is broadly accepted in the 
literature3 (see for example Csóka 2003). Let’s denote the capital allocation situation 
as follows: XNρ = N, Xi{ }i∈N ,ρ{ } , and their sets as RCASN (“risk capital allocation 
situation”), while the capital allocation method itself is the ϕ :RCASN→!N function, 
which assigns one vector to every capital allocation situation, containing the capital 
allocated to each business line (a specific numeric example can be found in the 
article of Balog et al. 2010, among others) The purpose of our study is to translate 
the above defined methodological and theoretic problem to the issues arising 
3  Coherent risk measures satisfy the conditions of monotonicity, subadditivity, positive homogeneity, and 
translation invariance.
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during the day to day activity of insurance undertakings. In the next chapter, we 
will discuss the various aspects of the allocation problem with the help of the above 
described notations.
3.  Applications of capital allocation
There are many different application areas of capital allocation. It is used by banks, 
insurers, fund managers, and also in a number of other nonfinancial areas in the 
form of cost allocation. In our study, we only focus on the insurance sector; however, 
even within this sector, we can encounter diverse applications, as presented below.
3.1.  Performance measurement
Performance measurement is undoubtedly the most important and the most 
widespread application of capital allocation. In this case the performance (return) 
achieved by the business line (or, for example, by the subsidiary) is measured in 
comparison to the capital tied up by them. The most frequently used indicator for 
evaluating risk-adjusted performance is RORAC (Return On Risk Adjusted Capital), 
which based on Tasche (2008) can be indicated as follows relating to the entire insurer:
RORAC X( )= E XN( )ρ XN( )
=
E Xi( )
i=1
n∑
ρ XN( )
where, using the notations from Chapter 2, the X1 ,...Xn  random variables are the 
profits (losses) of each business line, Xi = XN
i=1
n∑  is the profit/loss of the entire 
insurer; and ρ XN( )  is the insurer’s capital requirement measured by risk measure ρ. 
The RORAC indicators of the various business lines are thus:
RORAC Xi X( )= E Xi( )ϕ i XNρ( )
where ϕ i XNρ( )  stands for the capital allocated to business line i. Although the 
main concern of our study is the denominator of the above expression, we must 
note here that it is extremely important to proceed carefully when defining the 
contents of the numerator. The first important question is whether we apply the 
RORAC indicator ex ante or ex post. The ex-ante application is more typical in case 
of strategic decisions (e.g. to analyse the impact of a major transaction), while the 
ex post approach is generally used in connection with performance measurement 
when the numerator contains the actually realised return. When calculating the 
RORAC, insurers generally take into account their net income after taxes and loss 
write-offs (Cummins 2000).
The treatment of the return realised on investment funds derived from the different 
products also deserves attention when defining the profit. Namely, due to the 
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nature of insurance business (collection of premiums, then the payment of claims at 
a future date), insurers generate a substantial amount of funds to invest; therefore, 
the proper recognition of the arising risk is rather important and also that we take 
into account the realised profit in a manner consistent with such investments. 
We can manage risks in two ways: we either distribute them among the various 
business lines in proportion to total assets (that is, e.g., we manage the risk of 
the investment funds derived from the premiums of life insurances together with 
the risks of life insurances), or we regard the investment division as a separate 
business line in the course of allocation. We need to consider the purpose of capital 
allocation when deciding which one of the two approaches should be used. In the 
course of performance measurement, it is logical to treat investments separately, 
because underwriting insurance risks and taking investment decisions are, in most 
cases, completely separated; according to the general practice of insurers, these 
two activities are handled separately. At the same time, it is also true that the funds 
to invest are generated by selling insurance products; thus, the insurer implicitly 
assumes that the business lines invest such funds into risk free investments in 
a maturity structure adjusted to the expected future cash flow (this would happen 
if no separate business line existed at the insurer) in performance measurement. 
And the profit realised on investments are recognized in such a way that only the 
profit (loss) realised on top of the risk-free return is “accounted” for the investment 
business line. Bingham (2014), for example, presents a performance measurement 
and capital allocation model operating on a similar principle at an American insurer.
Pricing is an exception to the above practice. Namely, if we recognize the profit 
on investments under insurance products, this is equivalent to the reduction of 
the product’s price in the course of pricing and insurers often act this way on very 
competitive markets.
3.2.  Strategic decisions
The application of capital allocation methods in the course of strategic decision 
making assumes an advanced enterprise risk management practice. Capital 
allocation techniques may also be applied in the course of evaluating planned 
acquisitions and mergers and decisions concerning the launching of new business 
lines or the development or termination of existing ones.
Assessing the change in capital requirements is a key component of the preliminary 
assessment of any transaction. With the help of capital allocation, we can estimate 
not only the change in capital requirement on the level of the entire insurance 
undertaking, but also how the contribution of each existing business line to the 
total risk of the insurer changes. This is a very relevant information because even 
substantial changes may occur in the measured profitability of the business lines.
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Risk adjusted profit (see in the previous subchapter) is also an important input in 
the course of strategic planning, since it is the basis for deciding which business 
line’s development increases the value of the company the most and which one 
should be shed (see for example Venter 2004). When capital allocation is intended 
to support strategic decisions, the applied methodology is very much similar to the 
one used for performance measurement, however, such measurement takes place 
using expected profitability and risk indicators instead of historic ones.
3.3.  Pricing
The third important application area for insurers is pricing. According to Venter 
(2009), insurance professionals accept the traditional (CAPM) pricing model to 
a lesser extent than representatives of other financial institutions, due to the fat 
tail loss distribution approach primarily characterising the life insurance business 
line, which cannot be properly modelled using the first and second momentum. 
Consequently, insurers have the need for pricing models that are based on capital 
allocation methods. The survey on economic capital prepared by Mueller et al. 
(2004) under the auspices of the Society of Actuaries4 also shows that a large part 
of insurance undertakings use the allocated economic capital for product pricing. 
As a general approach, the price (the premium) of an insurance product results 
from the following factors (Werner – Modlin 2016:5):
Premium = Receivables from contracts + Costs related to payments +
Contracting expenses + Profit
In the above expression, in the optimal case, the profit should cover the expected 
return on capital: the higher the capital need of a product is, the more profit is 
expected from it. The capital need of each product can again be defined using 
capital allocation methods. Although in principle it would be possible to allocate 
capital directly for products, but in practice this is way too complicated, and the 
necessary data are not available either on product level. For this reason, when 
actually defining the capital cost of a given product, the capital allocated to a given 
business line is typically distributed to the products with the help of some linear 
approach. Therefore, the profit factor featured in the price of a product can be 
expressed as HR− r( )⋅ϕ i XNρ( ) , where HR is the expected return on capital (“hurdle 
rate”), r is the risk-free return (return realised on the assets ensuring the capital), 
and ϕ i XNρ( )  represents the capital allocated to the given product.
However, there is no consensus whether the cost of capital should be built into 
the product price in such a way. Namely, in another approach, capital cannot play 
a role in pricing as pricing must be based only on the distribution of the insured 
risk. Based on this argumentation, thanks to the stringent capital regulations for 
4  Society of Actuaries.
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insurance undertakings, having excess capital over the required level no longer 
has additional value, as insured parties will not pay more for the same insurance 
policy based on the solvency of the party providing the insurance. (However, this, 
does not mean that capital allocation methods are not needed, as even they are 
not used for pricing, defining the allocated capital in the course of evaluating the 
performance of business lines is nonetheless needed: the most relevant information 
for management is the return realised on the invested equity.)
4.  Concept of capital in the literature
As a first step to capital allocation, we need to clarify what exactly we want to 
allocate, that is, what we mean by the insurer’s capital. Although this question may 
seem trivial, we encounter a great deal of capital concepts either in the literature 
or when analysing the balance sheets of insurers (regulatory capital requirement, 
economic capital requirement, various accounting categories). Most studies 
discussing capital allocation treat the definition of capital with extreme simplification 
(which is, of course, understandable as methods can be applied for many problems, 
each of which have a different definition of capital or the risk to be allocated; just 
as for banks and insurers the terminology and the contents are also different).
As the first step (as proposed by Farr et al. 2008), we must differentiate the concepts 
of capital requirement (a theoretic capital requirement quantified by some risk 
measurement method) and available capital. Available capital is an accounting 
category which, with some level of simplification, can be simply read from the 
insurer’s balance sheet as the difference of assets and liabilities. Albrecht (2006) 
uses the also suggestive “physical capital” designation. Required capital should be 
broken down to at least two additional groups, as also proposed by the “Specialty 
Guide on Economic Capital” by the Society of Actuaries (Mueller et al. 2004): to 
regulatory capital requirement and economic capital requirement5. In case of solvent 
financial enterprises, the level of available capital exceeds both the value of the 
regulatory capital requirement and the economic capital requirement, while there 
is no generally valid relation between the levels of the latter two.
4.1.  Regulatory capital requirement – Solvency II
By regulatory capital requirement we mean the compulsory minimum capital 
requirement prescribed by the regulator – in the European Economic Area this 
means the capital requirement as per Solvency II. Below we will shortly present 
the requirements of the directive introduced in January 2016, which are of major 
relevance for the players of the European insurance sector.
5  In practice, the regulatory capital requirement and the economic capital requirement is typically simply 
referred to as regulatory or economic capital, but to avoid misunderstanding, we will not use the abbreviated 
form.
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Similarly to Basel II (and since then Basel III) pertaining to banks, Solvency II is built 
on three pillars. The first pillar covers quantitative requirements: the methodology 
for the required capital calculation and the evaluation rules of certain balance sheet 
items. For calculating their capital requirements, insurers may decide to apply either 
the standard method or a partially or fully internal model, the application of the 
latter two being subject to preliminary supervisory authorization. Whether computed 
with an internal model or with the standard method, the capital requirement as per 
Solvency II (SCR – Solvency Capital Requirement) corresponds to a value at risk (VaR) 
calculated with a 99.5 per cent significance level and a 12-month time horizon (that 
is, the level of loss which is expected to be exceeded only once every 200 years). 
Capital requirement calculation in a VaR sense is a significant progress compared to 
the much less risk sensitive, ratio-based capital calculation practice under Solvency 
I. Another relevant difference is that the new directive prescribes evaluation based 
on market prices instead of the previous, book value based evaluation (as per the 
evaluation standards applied in the given country). The difference between the old 
and new approaches are demonstrated by the following figure: 
The second pillar supplements the quantitative requirements of pillar one by 
qualitative requirements. Besides the outline of the supervisory review procedure, 
the second pillar contains the requirements pertaining to the company’s internal 
governance and risk management system and its internal capital calculation. 
Pursuant to the requirements pertaining to the risk management system, risk 
6  According to Article 77 of the Directive “The risk margin shall be such as to ensure that the value of the 
technical provisions is equivalent to the amount that insurance and reinsurance undertakings would be 
expected to require in order to take over and meet the insurance and reinsurance obligations”.
Figure 1
The regulatory capital requirement as per Solvency I and Solvency II Directives6
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management function must be an integral part of the company7. Having a well 
embedded enterprise risk management (ERM) system into the companies’ daily 
operation was already part of best practices in the insurance sector, but it only 
became a regulatory requirement under Solvency II. Among the requirements 
pertaining to risk management, the directive also expects the existence of a function 
and processes (policies and procedures) for the identification, measurement and 
management of the relevant risks as well as the related reporting procedure.
The ORSA process is an important component of the second pillar, which is the 
equivalent of the banks’ ICAAP8 for the insurance sector. The ORSA process 
covers the internal (economic) capital requirement calculation (which although 
it is controlled by the regulator, it does not have an actual capital generation 
requirement on theoretic level), hence economic capital requirement calculation 
also becomes subject to supervisory control under Solvency II. In addition to capital 
modelling, the second pillar also places much emphasis on the related organizational 
framework and processes: ORSA also ensures the existence of risk-management 
processes integrated into business decisions.9 Capital allocation becomes a key 
factor at this point, as it is one of the most important tools of the internal capital 
requirement calculation applied in the course of business and strategic decisions 
(for example, it links the business line’s return with its risk, i.e. the capital allocated 
to it through performance measurement). For the sake of accuracy, let us note here 
that the directive mentions the capital allocation process explicitly10 only in respect 
of the companies using the partial or full internal model under the first pillar, but 
it follows logically that the existence of such capital allocation process is required 
in other cases as well (that is, when applying the standard method).
The third pillar of the Directive contains the reporting and disclosure obligations.
4.2.  Economic capital requirement
Economic capital requirement means the capital requirement calculated based 
on the company’s internal risk assessment. The objective of the economic capital 
requirement calculation is to assess and quantify as accurately as possible the 
insurer’s risks. Modelling the economic capital requirement is part of the insurance 
company’s internal risk assessment process and the company uses its result in its 
enterprise management system.
7  According to Article 44 of the Directive “That risk-management system shall be effective and well integrated 
into the organisational structure and in the decision-making processes of the insurance or reinsurance 
undertaking.”
8  Internal Capital Adequacy Assessment Process.
9  According to Article 45 (4) of the Directive “The own-risk and solvency assessment shall be an integral 
part of the business strategy and shall be taken into account on an ongoing basis in the strategic decisions 
of the undertaking.”
10  Article 120.
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Sandström (2011:68) provides the following definition: “economic capital 
[requirement], is defined as the company’s own amount of capital needed to meet 
future obligations arising from the existing business with a high degree of certainty 
over a defined time horizon and to maintain its external credit rating”.
According to Mueller et al. (2004) although economic capital requirement can 
be defined in many different ways, common in all of these definitions is that it 
expresses the volume of capital necessary to cover the losses suffered by the insurer 
over a given period of time in case of an unfavourable evolution of events, with 
a predefined risk tolerance threshold (confidence level).
For us this capital concept is the most relevant of all, as this is the one resulting from 
the measurement of the insurer’s (or any other entity’s, portfolio’s) riskiness; i.e., 
in practice it is the economic capital requirement that we quantify using a selected 
risk measure.
Comparing the concepts of economic and regulatory capital requirement, we 
can see that internal capital requirement calculated under the second pillar of 
the Directive can also be regarded as economic capital requirement. Previously 
economic and regulatory capital requirements (calculated under the first pillar) 
could have been substantially different due to the standardised and less risk 
sensitive nature of the regulatory approach; whereas today such difference has 
been substantially reduced (or even disappeared if the insurer uses its own internal 
model under Pillar 1) due to the more risk sensitive approach of Pillar 1. This is 
clearly demonstrated by the fact that the Directive defines capital requirement as 
per the standard method as a risk indicator equivalent to the 99.5 per cent VaR.
4.3.  Comparing capital concepts 
In order to apply the methods proposed in the literature, first we have to match 
the capital concepts used in the literature and in practice. Part of the studies 
discussing capital allocation from a theoretic perspective typically view capital 
allocation as the formal problem defined in Chapter 2, i.e. it interprets the capital 
as a risk (ρ X( )) quantified using some risk measure. Tasche (2008), Dhaene et al. 
(2012), Assa (2016), or Balog et al. (2017), among others follow this approach. This 
corresponds to the concept of required capital, as this is the amount of capital that 
must (should) be available based on the assessment of the firm’s risks. It is obvious 
already at this point that the applied terminology is far from being standard, namely, 
capital defined in such a way is typically referred to in the literature (e.g. Tasche 
2008) as economic capital. This is because previously only the economic capital 
requirement complied with the ρ X( )  expression in practice, reflecting the actual 
measurable risks of the portfolio concerned. However, as the result of substantial 
development of the regulation, today regulatory capital requirement is also defined 
in this approach, at least for the purposes of Solvency II.
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Studies working with option pricing apply a different approach (Myers – Read 
2001; Sherris 2006; Kim – Hardy 2007), which considers capital as the difference 
between the value of assets and the present value of expected future claims based, 
as presented by the following schematic balance sheet.
Using the notion “surplus” is common in this approach. The value of surplus is 
defined based on the accounting equation: S = PV A( )−PV L( ) , where PV A( )  
represents the present value of assets and PV L( )   denotes the present value of 
expected future claims. However, it is important to keep in mind that on the left 
side assets are shown at market value, that is PV(A) already takes into account the 
probability of the insurer’s bankruptcy, but PV(L) does not calculate with such event. 
Namely, because of its limited liability, the insurer indeed has a put option referred 
to by the literature as default option11 (D). If the value of the insurer’s liabilities 
exceeds the value of its assets at the end of the considered period (L > A) it only has 
to pay A, so the value of the option is D = PV(max(0;L – A)). We obtain the equity 
value (E) in the model if we take into account the value of the default option also 
in the evaluation of liabilities, that is
E = PV A( )− PV L( )−D( )= S +D
Thus, the above-mentioned surplus (S) is an input variable for calculating the equity 
(E).12 
It is very important to note that the above interpretation of surplus is not the same 
as the surplus capital defined by the Solvency II Directive (see Figure 1). Looking 
back at Figure 1 the market value of liabilities, PV L( )−D  in the Myers and Read 
(2001) approach corresponds to the technical provision (best estimate plus risk 
margin) in the figure. While equity value (E) is the sum of the SCR and the surplus 
capital shown in the figure. The concern with the Myers and Read (2001) approach 
is that in this interpretation capital is merely an accounting category derived from 
the accounting equation, which has little to do in itself with the company’s risk 
profile.
11  Use of the term “solvency exchange option” is also common.
12  Butsic (1994) does not distinguish at all the surplus capital used by Myers and Read (2001) and the insurer’s 
equity.
E = PV A( )− PV L( )−D( )= S +
Figure 2
The insurer’s schematic balance sheet 
Assets Liabilities
• Assets (PV(A)) • Surplus (S)
• Present value of claims (PV(L))
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4.4.  What should be allocated?
This is the only question concerning capital allocation to which straightforward 
answer can be given: it is always recommended to allocate the economic capital 
requirement. As also noted by Vrieze and Brehm (2003) in their analysis of the 
practical implementation possibilities of Myers and Read’s model (2001): economic 
capital requirement characterises the actual risk profile of the given institution; 
therefore, it is advisable to examine the allocation on this entity mutatis mutandis 
– consistently with those authors who define the capital to be allocated as ρ X( ) .
In the course of performance measurement insurers used to base their calculations 
on regulatory capital requirement, but the use of the economic capital requirement 
is increasingly spreading (Mueller et al. 2004). This is useful not only because the 
economic capital requirement gives a more accurate picture of the actual risks 
taken by companies than the regulatory capital requirement13 but also because 
in the case of insurers present in several countries, the difference of regulatory 
capital requirements country by country may be an issue. Focusing on performance 
measurement, Albrecht14 (2006) provides detailed guidance on the capital types 
proposed to be applied and the adjustments to be done. For the sake of a more 
accurate risk assessment and also in view of the possible deviation of the regulatory 
capital requirements, it is advisable to use the economic and not the regulatory 
capital requirement for both pricing and individual performance measurement 
purposes.
5.  Selection of the allocation method
The most important question in relation to capital allocation is probably the 
selection of the adequate allocation method. Several methods defined in different 
conceptual frameworks, having different properties can be found in the literature 
and it might be seriously challenging for practitioners to select the adequate 
method. This exercise is made even more difficult by the fact that authors often 
refer to the same characteristic under different names. To facilitate the practitioners’ 
selection, we have collected the mathematical properties that can be expected 
from the available allocation methods (see Annex 1) and have summarised how 
these attributes – referred to by the different names of the various studies – can 
be matched (Annex 2).
Although a large number of possible methods exist for allocating risk capital, there 
is no general best practice solution. This is partly attributable to the impossibility 
13  Except if the two coincide.
14  Albrecht (2006) refers to the regulatory capital requirement as external risk-based capital and the capital 
requirement calculated based on an internal model as virtual risk-based capital; he suggests the application 
of a modified version of the risk-based capital requirement in the course of performance measurement, 
i.e., the risk adjusted capital.
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of satisfying all the properties listed in Annex 1 at the same time. Csóka and Pintér 
(2016) prove that if coherent risk measures are applied, it is impossible to allocate 
capital in a way that it is strongly monotonous15, core compatible and satisfies 
equal treatment property, i.e., we must give up at least one of these three naturally 
occurring requirements. The same theorem also means that there is no method that 
fulfils the properties full domain, incentive compatibility and core compatibility (see 
Balog et al. 2017). This means that users have to choose from the various required 
properties and as such, from the different allocation methods based on the specific 
capital allocation situation. However, it also should be taken into account that the 
decision is a fairly complicated process in practice, as numerous players having 
different motivation can take part in it. For example, if we want to allocate the 
insurer’s capital to lines of business, then the heads of the various business lines, 
the head of risk management and the company’s management will have different 
motivations.
In order to facilitate the method selection, below we first group the applicable 
methods, then we suggest methods (method types) for the different applications 
based on some practically relevant considerations.
5.1.  Types of applicable methods
Proportionate allocations
The methods that can be listed in this group distribute total risk ρ XN( )( ) among the 
subunits proportionally: ϕ i XNρ( )=αρ Xi( )  in such a way that ϕ i XNρ( )i=1
N∑ = ρ XN( ) . 
The big advantage of these methods is that their application is simple, yet their 
mathematical properties are less favourable. We must mention two methods 
among proportionate distributions. The activity-based method (Hamlen et al. 1977) 
distributes risk in proportion to the risk taken by the various units ( ρ Xi( ) ), which 
may seem an obvious solution, but its major shortcoming is that it fails to take 
into account the diversification effects among the various units (i.e. how much 
the given unit contributes to the risks of the overall organization). The so-called 
Beta or covariance method (see for example Dhaene et al. 2012) also belongs to 
proportionate distributions: its calculation is relatively simple, but it already takes 
into account diversification effects. The detailed analysis of both of these methods 
can be found in the study of Balog et al. (2017).
Incremental allocations
Incremental allocations, in line with their appellation, distribute risk among the 
various subunits account taken of the incremental risk caused by them. We can 
distinguish two types within these methods: “last-in” type methods (Venter 2009), 
which interpret increment on the entire portfolio ρ XN( )− ρ XN \ i{ }( )( ) , and the 
Shapley method which uses the average contribution of the given unit as reference.
15  The explanation of the various properties is included in Annex 1. 
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The “last-in” methods distribute risk based on the incremental risk of a given unit 
calculated on the entire portfolio ρ XN( )− ρ XN \ i{ }( )( ) . The incremental method 
(Jorion 2007), the cost gap method (Tijs – Driessen 1986), and the method proposed 
by Merton and Perold (1993) belong to this allocation type. 
The Shapley method (Shapley, 1953) widely known from game theory offers 
a more sophisticated approach, also distributing risk based on the incremental 
risk caused by the given unit, evaluating it not only based on the portfolio of the 
entire insurer without the given unit N\ i{ }( ) ) but also in comparison with every 
possible S⊆N\ i{ }  subset, taking the average of these. No wonder the Shapley 
method is so widespread: it has numerous favourable mathematical properties (see 
for instance Csóka and Pintér 2016).
Marginal risk contribution
The marginal risk contribution type methods include the often discussed Euler 
method (see for instance Tasche 2008), which allocates risk with the partial 
derivation of the risk measure, as well as the allocation based on directional 
derivatives (see Balog et al. 2017). If defined, the Euler method can be an optimal 
solution for pricing; and according to Tasche (2008) it may be an ideal choice for 
performance measurement as well since it is reconcilable with RORAC calculation. 
The also popular Myers–Read method (Myers and Read 2001) can also be grouped 
year, which, similarly to the Merton–Perold method, distributes the insurer’s equity 
to the various lines of business account taken of the value of the bankruptcy option, 
applying the Euler method.
5.2.  Selection of the most suitable allocation method
As we mentioned, there is no general best practice of capital allocation, method 
selection always should depend on the actual situation. To select the applied 
method, Albrecht (2006) formulates some practically relevant criteria as opposed 
to the exact requirements presented in Annex 1 (although he also considers full 
allocation as a basic condition). According to the study, it is important Is the 
allocation’s consistency with the enterprise risk measurement; the properties 
of the risk measure used by the company; how dependency structure of the 
losses of various segments are taken into account; how the given method can be 
implemented in practice; and that the selected allocation method has the properties 
corresponding to the purpose of application. Ruhm and Wolf (2015) also add as 
a key factor that the applied allocation method should be acceptable for every 
stakeholder of the organization; that it should be stable in time and should not be 
allocate negative capital to any of the subunits.
For the purposes of practical application, we focused on individual rationality 
from among the mathematical properties listed in Annex 1, which expresses 
the requirement that the capital allocated to each unit should not exceed the 
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individual risks of the given unit. Although “individual risk” is not necessarily 
a relevant basis for comparison in respect of a line of business or product portfolio, 
as individual business lines typically could not operate as independent units, this 
requirement is still a key fairness criterion and thus greatly aids the acceptance 
of the method by the concerned decision-makers. In addition, the transparency 
and the relative simplicity of the allocation mechanism are also key criteria in 
practice. The experiment conducted by Homburg and Scherpereel (2008) using real 
economic actors underpinned the primary role of the above criteria in the course 
of practical application. The authors found that due to the limited rationality of real 
economic players, the perceived fairness of the distribution is more influenced by 
transparency, simplicity and the fulfilment of individual rationality by the allocation 
mechanism than the satisfaction of the most frequently analysed core compatibility. 
The efficiency of the method is also considered a key aspect, that is, that the method 
should allocate the entire risk among the various lines of business. Thus, in line with 
Kalkbrener (2005), Albrecht (2006) and many other authors, our table includes only 
the methods meeting this criterion, so we are not indicating it specifically among 
the advantages of each method.
When it comes to the various applications, to support strategic decisions (planned 
acquisitions, mergers, assessment of starting a new line of business, or decision on 
the termination of an existing line of business), the incremental methods, especially 
the “last-in” types are the most suitable, as in such cases we can indeed assume 
that the entire portfolio is fixed, and we take the decision based on the relationship 
of the given line of business to such condition. This is also the argumentation used 
by Merton and Perold (1993:29) stating that “the marginal cost of capital must 
be taken into account for marginal decisions16”, and also by Buch et al. (2011) 
according to whom the selected methodology must also be aligned to the structure 
and nature of the subunits: in the case of few, heterogeneous subunits (such as 
decisions on termination of existing or launching of new business lines and the 
performance measurement of business lines) incremental allocation methods are 
more suitable. The Shapley method may also be an optimal solution for performance 
measurement: although its calculation is more complicated, it results in a stable 
and fair allocation, compared to the “last-in” methods.
For product pricing differential based methods are the most suitable, as subunits are 
more or less homogeneous and their portfolios contain a large number of contracts. 
For this reason, we believe that the Euler method is more suitable for pricing, 
although, according to Tasche (2008), it is also ideal for performance measurement. 
Myers and Read (2001) reached a similar conclusion. They demonstrate that their 
proposed allocation method is suitable to be used in pricing since the capital 
allocated does not sensitively react to the adding of new business lines; while for 
16 In their interpretation, this refers to the exiting from a given business line or launching a new one.
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the same reasons, it is less suitable for making decisions on new business lines and 
the termination of existing ones.
If the purpose of capital allocation is only to meet external (regulatory or 
parent company) requirements, then it may also be justified to use the simplest 
proportionate methods (of the two, the activity-based method can be implemented 
the easiest).
The following summary table gives an overview of the methods best suited to the 
different applications. For each method (method type) we show the advantages 
and disadvantages most relevant in the course of practical application. The study of 
Balog et al. (2017) may also be of additional help for selecting the adequate method 
where the authors analyse in detail the mathematical properties of each method.
Table 1
Advantages and disadvantages of the methods proposed for the various 
applications
Objective of 
allocation
Recommended 
method type
Recommended 
method
Advantages Disadvantages
Performance 
measurement
Incremental risk 
based
Shapley method •  IR
•  Clear 
interpretation
•  Favourable other 
mathematical 
properties
•  Its calculation is 
fairly complicated
Performance 
measurement & 
Strategic decisions
Incremental risk 
based (last entrant)
Incremental 
method
•  Simple 
application
•  Clear 
interpretation
•  Non-IR
•  The increment 
may be negative 
resulting in 
counter intuitive 
distribution
Cost gap •  IR
•  Clear 
interpretation
•  Its calculation is 
fairly complicated
Pricing Marginal 
contribution to risk
Euler method / 
Myers-Read 
method
•  IR in practice
•  Its calculation 
a simple using 
the RMK 
algorithm17
•  Unstable result 
under certain 
circumstances18
In case of external 
expectation 
Proportionate Activity-based / 
Beta method
•  Simple 
application 
•  Clear 
interpretation
•  Non-IR
•  The least 
favourable 
mathematical 
properties
17  RMK: Ruhm-Mango Kreps algorithms, see for instance Ruhm and Mango (2003).
18  The essence of this method is that the risks allocated to each portfolio are defined based on their realization 
in the world situations determining the risk of the entire portfolio. (For instance: if maximum loss is applied, 
how much is the loss of each subunit when the loss of the total portfolio is at its maximum.) If we use few 
data points when defining the risk of the large coalition, the result may become incidental.
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6. Conclusion
Although the literature on capital allocation is very rich and a large number of 
different methods have already been designed, the majority of the studies covering 
this topic derive methods from desired (or considered to be desirable) mathematical 
properties and not based on the users’ motivation. The purpose of our study is to 
reduce the gap theory and practice by providing some guidance for the method 
selection and implementation, furthermore even for the formulation of the capital 
allocation problem itself.
The first step of capital allocation is to define the type of capital to be allocated. 
It is important to distinguish regulatory capital requirement, economic capital 
requirement and available capital. We found that it is always the economic capital 
requirement that should be allocated as it is the one that actually reflects the risk 
profile of the company.
Since there is no generally applicable best practice for the capital allocation 
problem, the selection of the method should always be aligned to the purpose of 
application. We identified the three main application areas of capital allocation at 
insurance companies and recommend which method types should be applied in 
the various cases as well as the advantages and disadvantages of the methods.
Incremental methods are the most suitable for performance measurement and 
for supporting strategic decisions. These methods distribute total risk among the 
subunits account taken of the incremental risk caused by them. For the best choice 
relating to strategic decisions are the “last-in” methods (which consider how the 
risk of the total portfolio changes when adding/taking away a given unit), while the 
Shapley method, well known from game theory, results in a more stable allocation 
with more favourable properties in the course of performance measurement. The 
third important area of application is pricing, although the experts are arguing 
whether there is any need for using allocation methods for pricing. If pricing takes 
place with the help of capital allocation, then the most suitable for this purpose are 
the marginal risk contribution methods: the Euler method and a special version of it, 
the Myers–Read method. To meet an external requirement, when the insurer does 
not actually use the allocation results, it is best to apply the simple proportionate 
distributions.
To further facilitate the method selection, we collected the possible properties of 
capital allocation methods mentioned in the literature (Annex 1) and in a summary 
table we also listed the different names used by the different authors to refer to 
these properties (Annex 2).
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